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We consider quantum geometrodynamics and parametrized quantum field theories in the frame-
work of the Bohm-de Broglie interpretation. In the first case, and following the lines of our previous
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example where Lorentz invariance of individual events is broken.
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I. INTRODUCTION
The Bohm-de Broglie (BdB) interpretation of quantum
mechanics [2] [3] is appropriate to be applied to quantum
cosmology because there is no need of a classical domain
outside the observed system. It has been sucessfully ap-
plied to quantum minisuperspace models [4{9] and even
to full superspace models [1] [10]. In the rst case it was
discussed the classical limit, the singularity problem, the
cosmological constant problem, and the time issue. It was
shown in scalar and radiation models for the matter con-
tent of the early universe that the quantum potential can
inhibit the formation of a singularity by producing a re-
pulsive quantum force that counteract the gravitational
eld, yielding inflation. The quantum universe usually
reach the classical limit for large scale factors. However,
it is possible to have small classical universes and large
quantum ones: it depends on the state functional and on
initial conditions [9]. It was shown that the quantum evo-
lution of homogeneous hypersurfaces form the same four-
geometry independently on the choice of lapse function
[5]. For the case of a general superspace model (i.e. the
full theory) a BdB picture of quantum geometrodynamics
was constructed which makes possible the study of struc-
tures generated by the quantum evolution of spacelike 3-
geometries. In this way it was shown that, irrespective
of any regularization and factor ordering of the Wheeler-
De Witt equation, the BdB interpretation of quantum
cosmology yields basically two possible scenarios: Dirac-
Teitelboim’s algebra is satised and we have a consistent
evolution that form a non degenerate 4-geometry with
two possibilities: the usual hyperbolic classical space-
time and an euclidean spacetime where the change of
signature from Lorentzian to Euclidean is driven by the
quantum potential. In the second scenario an algebra
dierent from the Dirac-Teitelboim’s algebra is satised
yielding a consistent evolution that form a degenerate 4-
geometry. For example, in the case of real solutions of
the Wheeler-DeWitt equation, we have a structure satis-
fying the Carrol group connected with the strong gravity
limit. Another example with a non-local quantum po-
tential was studied. Hence, the unique relevant quantum
eect which does not break spacetime is the change of its
signature. The other quantum eects are either trivial or
break the 4-geometry of spacetime.
In our previus work [1] we left open the possibility of an
inconsistent evolution: a complicated non-local quantum
potential would avoid the closure of the algebra whatever
it would be (Dirac-Teitelboim or another alternative al-
gebra). In the present work we show that this is not
the case: we prove that for any quantum potential the
theory is consistent, and the algebra is closed when re-
stricted to the bohmian trajectories. In order to make
the present paper self contained, we present the formal-
ism developped in [1] applied to parametrized quantum
eld theory in flat background. We obtain analogous
results as in quantum geometrodynamics, namely, the
break of Dirac’s algebra and the consistency of the the-
ory for any quantum potential. In this case, the break of
Dirac’s algebra means a loss of Lorentz invariance of in-
dividual events, a result already known [3] [18] but which
is presented here in a dierent way.
The present paper is organized as follows: in the next
section we revisite the parametrized scalar eld theory in
Minkowski spacetime and we synthetize the Teitelboim’s
result about the spacetime structure reflected in the con-
straint’s algebra. In section III we apply the Bohm-de




eld theory and we show that the bohmian evolution
of the 3-hypersurfaces, irrespective to any regularization
and factor ordering of the functional Schroedinger equa-
tion, can be obtained from a specic hamiltonian which
is, of course, dierent from the classical one. We then use
this approach to rederive, in a concrete example, the well
known break of Lorentz invariance of individual events in
BdB theory in terms of the break of the Dirac’s algebra
of the constraints. In section IV we consider quantum
geometrodynamics in the BdB interpretation following
the approach of our previous work and prove the con-
sistency of the theory, completing the possible scenarios
for the BdB view of quantum cosmology presented in [1].
Section V is for discussion and conclussions. In the ap-
pendix we compute a relevant Poisson bracket (PB) in
an alternative way.
II. PARAMETRIZED FIELD THEORIES
An essential feature of geometrodynamics is the ex-
istence of the super-hamiltonian and super-momentum
constraints which are present due to the invariance of
General Relativity (GR) under general coordinate trans-
formations [11]. We nd an analogous situations in sys-
tems with a nite number of degrees of freedom and in
eld theory in flat spacetime when they are expresed as
parametrized theories [11] [12]. In this manner, we can
build the eld theory with the states dened on a general
spacelike hypersurface, which plays the role of time. We
have a relativistic invariant hamiltonian formalism. This
parametrized form of the action of a eld in flat space-
time will help us in the implementation of the BdB inter-
pretation to quantum gravity where the action is, from
the beginning, parametrized. In fact, up to now, it is
imposible to deparametrize GR in general by separating
the dynamical (i.e relevant) degrees of freedom from the
kinematical (i.e. redundant) ones. In GR we are forced
to use redundant variables as canonical coordinates, and
then constraints appears.
Let φ(Xα) be a scalar eld propagating in a 4-
dimensional flat spacetime with minkowskian coordinates
Xα  (T, X i). Greek indices run from 0 to 3 and latin in-
dices from 1 to 3. Let us consider curvilinear coordinates
xβ = (t, xi) and a transformation
Xα = Xα(xβ) (2.1)
For t xed this equation represent an hypersurface with a
spatial coordinate system xi dened on it. We will have
a family of hypersurfaces for dierent values of the pa-











where Lo stands for the lagrangean density in
minkowskian coordinates. Writing the action in curvi-




















where _φ  ∂φ∂x0 , ,k ∂∂xk and J  ∂(X
0..X3)
∂(x0..x3) is the ja-
cobian of the transformation. Here L represent the la-
grangean density in curvilinear coordinates. Dening the
‘dynamical’ momentum piφ  ∂L∂φ˙ , conjugate to φ, and the
‘kinematical’ momentum α  ∂L∂X˙α conjugate to _Xα,




d4x(piφ _φ + β _Xβ −NH−N iHi) , (2.4)
where H and Hi are the super-hamiltonian and super-
momentum constraints respectively, and N and N i la-
grange multipliers. The general form of the constraints
is given by the sum of a kinematical part plus a dynam-
ical or eld part:




α = 0 , (2.5)





i = 0 , (2.6)
where Xαi are the components of the tangent vectors in






∂Xα and the normal vector is
dened by
ηαβn
αnβ =  = 1, (2.7)
nαX
α
i = 0, (2.8)
(− for hyperbolic signature and + for euclidean signa-
ture). The quantity T αβ is the energy-momentum tensor








The canonical variables φ, piφ, Xα, α are varied inde-
pendently. The hamiltonian equations resulting from this
variation will determine the evolution in time t of the
canonical variables. Varying with respect to the lagrange
multipliers N and N i, we obtain the constraints:
H  0, Hi  0 (2.10)
We write the last equations in Dirac’s notation and
terminology [13]. The hamiltonian is
H =
∫
d3x(NH + N iHi) (2.11)
For consistency, the constraints of the theory must be
preserved in time, which means that their PB with the
hamiltonian must be weakly zero. This will be true only
if any PB between constraints are weakly zero. Dirac
did this computation (with  = −1), and he showed that
these brackets can be written as a linear combination
of the original constraints (i.e. new constraints do not
arise) satisfying the following algebra (known as ‘Dirac’s
algebra’)1 [11] [13]:
fH(x),H(y)g = Hi(x)∂iδ3(x, y)−Hi(y)∂iδ3(y, x) ,
(2.12)
fHi(x),H(y)g = H(x)∂iδ3(x, y) , (2.13)
fHi(x),Hj(y)g = Hi(x)∂jδ3(x, y)−Hj(y)∂iδ3(y, x) ,
(2.14)
where upper indices of the supermomentum are raised
by the metric tensor hij induced on the hypersurface
t =const. given by hij = ηαβXα,iX
α
,j.
It is appropiate at this point to remind a result that
will be of fundamental importance to our approach,
which was obtained by Claudio Teitelboim [15]. He ob-
tained this algebra (but with the signature of spacetime
appearing explicitily ) in a general form that is inde-
pendent of the form of the constraints and without as-
suming a Minkowski spacetime. He studied the deforma-
tions of spacelike hypersurfaces embedded in a rieman-
nian spacetime. Intuitively, a labeled hypersurface can be
deformed in general according to two operations: leaving
it xed in the embedding spacetime and relabeling its
points or keep xed its labels and deform it into another
hypersurface. The rst operation represent a deforma-
tion δN i  δtN i, tangential to the hypersurface, being
governed by Hi. The second operation represent a defor-
mation δN  δtN , ortogonal to the hypersurface, and is
governed by H. Any functional F of canonical variables
(elds and kinematical variables) dened on the hyper-




d3x(N H + N i Hi) , (2.15)
in such a way that
δF =
∫
d3xfF, δN H+ δN i Hig , (2.16)
which we write as
δF =
∫
d3xfF, δNα Hαg , (2.17)
where H0  H and δN0  δN . Teitelboim follows a
purely geometrical argument founded in the ‘path inde-
pendence’ of the dynamical evolution: the change in the
canonical variables during the evolution from a given ini-
tial hypersurface to a given nal hypersurface must be in-
dependent of the particular sequence of intermediary hy-
persurfaces along which the change is actually evaluated.
Then, assuming that the 3-geometries are embedded in a
4-dimensional non-degenerate manifold and consistency
of the theory, he showed that the constraints H  0 and
Hi  0 obey the following algebra (‘Dirac-Teitelboim’s
algebra’)
f H(x), H(x0)g = −[ Hi(x)∂iδ3(x0, x)− Hi(x0)∂iδ3(x0, x)]
(2.18)
f Hi(x), H(x0)g = H(x)∂iδ3(x, x0) , (2.19)
f Hi(x), Hj(x0)g = Hi(x)∂jδ3(x, x0)− Hj(x0)∂iδ3(x0, x),
(2.20)
where indices of supermomentum are raised with the
metric hij induced on the hypersurface, hij = gαβXα,iX
α
,j,
and gαβ is the metric of the embedding spacetime. The
constant  in Eq.(2.18) can be 1 depending if the 4-
geometry where the hypersurfaces are embedded is eu-
clidean ( = 1) or hyperbolic ( = −1). This analysis can
be applied to a eld evolving in a prescribed riemannian
background or when the embedding spacetime is gener-
ated by the evolution, as in GR. In the rst situation
the algebra imposes conditions for preserving the local
Lorentz invariance. In the case of GR the algebra pro-
vides the conditions for the existence of spacetime: the
1It’s not strictly an algebra because the structure constants depend on the metric [14]
3
evolution of a 3-geometry can be viewed as the ‘motion’
of a 3-dimensional cut in a 4-dimensional spacetime (em-
beddability conditions) with hyperbolic signature. This
result, when applied to the case of a parametrized eld
theory in a flat spacetime, means that the constraints
obey the algebra given in (2.12) (2.13) (2.14).
We will consider a scalar eld in a flat spacetime, with











where ηαβ = ηαβ = diag(−1, 1, 1, 1). Computing the
energy-momentum tensor given by Eq.(2.9), and sub-
stituting it in (2.5) and (2.6) we obtain the super-









ν2(hijφ,iφ,j + U(φ))) = 0 ,
(2.22)
Hi = αXαi + piφφ,i = 0 , (2.23)
where the vector normal to the hypersurface was written
in the form (see [16] chap.7) nα = ν
α
ν , where




and ν is the norm of να
ν =
p−νανα . (2.25)
It can be shown that −νανα = h, where h  det(hij)
is the determinant of the metric induced on the hyper-
surface.
The constraints obey the Dirac’s algebra (see the ap-
pendix). In the next section we will quantize this model
and we will interpret it within the Bohm-de Broglie pic-
ture.
III. PARAMETRIZED FIELD THEORY IN THE
BOHM-DE BROGLIE INTERPRETATION
In this section we will study the Bohm-de Broglie in-
terpretation of the parametrized eld theory presented in
the last one. In rst place, we quantize following Dirac
prescription. Coordinates φA  (X0, X1, X2, X3, φ) and
momentum piA  (0, 1, 2, 3, piφ) becomes opera-
tors, obeying commutation relations
[φA(x), φB(y)] = 0, [piA(x), piB(y)] = 0 , (3.1)
[φA(x), piB(y)] = ihδABδ(x, y) , (3.2)
where x, y are two points of the hypersurface. Contraints
acts anihilating the state, giving conditions for the pos-
sible states:
H^i j Ψ>= 0 (3.3)
H^ j Ψ>= 0 (3.4)
In the representation of ‘coordinates’ φA(x), the state
of the scalar eld is given by the functional Ψ[φA(x)]
and the momentum operator is a functional derivative:
piA(x) = −ih δδφA(x) . Substituting in Eq. (3.3) and tak-






= 0 , (3.5)
It follows from this equation that Ψ is invariant under
spatial coordinate transformations on the hypersurface.





















= 0 . (3.6)
d
To interpret according to the BdB view, we follow the
usual procedure. First we write the wave functional in
polar form Ψ = Ae
i
h¯ S . Substituting it in Eq. (3.5) yields
two equations saying that S and A are invariants under














= 0 . (3.8)
Substituting the polar form of Ψ in Eq.(3.6) we obtain
two equations that depend on the factor ordering we
choose. However, in any case, one of the equations will



















+Q = 0 . (3.9)
4
where, for simplicity of notation, we dene W 
hij(x)φ(x),iφ(x),j + U(φ(x)). This is like a Hamilton-
Jacobi equation modied by the quantum potential,
given by the last term. Only this term depends on fac-
tor ordering and regularization; the other terms are well
dened. According to the non-regulated version given in















= 0 . (3.11)
In the BdB interpretation the canonical variables ex-
ist independently on measurements and the evolution of
canonical coordinates φ and Xα can be obtained from









Given the initial values of the eld φ(t0, xi) and kine-
matical variables Xα(t0, xi) on a initial hypersurface
x0 = t =const., we can integrate these rst order dier-
ential equations and compute the bohmian trajectories,
i.e., the values of the eld φ(t, xi) and Xα(t, xi) for any
value of the parameter t. The evolution of those elds will
be dierent from the classical one because of the presence
of the quantum potential in Eq. (3.9). As we know, the
classical limit is obtained by imposing the conditions for
Q = 0. In this case, the functional S obeys the classical
Hamilton-Jacobi equation and we know that integrating
equations (3.12) and (3.13) the solutions obtained repre-
sent a classical eld evolving in a Minkowski spacetime.
This follows from the fact that the constraints of the
classical theory satisfy the Dirac’s algebra (2.18) (2.19)
(2.20) with  = −1. However, if the quantum potential
is dierent from zero, then S is a solution of the modified
Hamilton-Jacobi equation (3.9). Hence, we cannot assert
that the obtained solution for φA still represent a eld in
a Minkowski spacetime. The quantum eects may break
Lorentz invariance and modify the einstenian causality of
special relativity. Which type of structure corresponds to
this case? To answer this question we rewrite the BdB
theory, originally formulated in a Hamilton-Jacobi pic-
ture, in a hamiltonian picture.
Using the Bohm’s guidance relations (3.12) (3.13) we













+Q = 0 . (3.14)
Note that, whatever is the form of the quantum potential
Q, it must be a scalar density of weight one. This comes
from the Hamilton-Jacobi equation Eq.(3.9). From this



















We remember that ν =
p
h is a scalar density of weight 1
and that S is an invariant under general coordinate trans-
formations on the hypersurface (this follows from the su-
permomentum contraint applied to Ψ, Eq.(3.7)). Thus,
δS
δXα is a vector density which, when contracted with the
normal vector, produces a scalar density of weight 1. For
the second term we use the same reasoning and the third
term is obviously a scalar density of weight 1. Hence Q
is a sum of scalar densities of weight 1. We can write
Eq.(3.14) as
H+Q = 0 (3.16)
where H is the classical superhamiltonian given by (2.22
).The Bohm’s quantum superhamiltonian reads:
HQ  H+Q . (3.17)
The hamiltonian that generates the bohmian trajectories,






NHQ + N iHi
]
. (3.18)
This can be shown by noting that the guidance relations
are consistent with the constraints HQ  0 and Hi  0,
because S satisfy (3.7) and (3.9). Furthermore the guid-
ance relations are conserved in the evolution given by the
hamiltonian (3.18). This can be shown rst by writing
the guidance relations (3.12) (3.13) in a form adapted for
the hamiltonian formalism as:
α  α − δS
δXα
 0 , (3.19)
φ  piφ − δS
δφ
 0 . (3.20)
Conservation in time of the guidance relations means that
_φ  fφ, HQg = 0 e _α  fα, HQg = 0. This is
equivalent to prove that their Poisson brackets with the
constraints HQ and Hi are zero. Let us compute then
fφ,HQg, fα,HQg, fφ,Hig and fα,Hig. The quan-
tum hamiltonian is given by
































































where the rst term from the RHS of this equation stands
for the functional derivative with respect to φ(y) of the
LHS of the modied Hamilton-Jacobi equation, Eq (3.9).
Hence, it is identically zero. The second term from RHS
is weakly zero because of the guidance relation (3.20).





φ(x)  0 . (3.23)
For the bracket fα(y),HQ(x)g we have
c











































φ  0 , (3.24)
d
where the rst term from the RHS of this equation stands
for the functional derivative with respect to Xα(y) of the
LHS of the modied Hamilton-Jacobi equation, Eq (3.9).
It is identically zero. The other terms are weakly zero be-
cause of the guidance relations (3.19) (3.20). To compute
the Poisson brackets involving the supermomentum con-
straint, as S is an invariant, then α is a vectorial density
and φ is a scalar density, both of weigth one. As Hi is
the generator of space coordinate transformations, we get
fφ(y),Hi(x)g = −φ(x)∂iδ(y, x)  0 , (3.25)
fα(y),Hi(x)g = i(x)∂αδ(y, x)− α(y)∂iδ(y, x)  0 .
(3.26)
Combining these results we obtain
_φ = fφ, HQg  0 , (3.27)
_α, = fα, HQg  0 . (3.28)
Then, the Bohm’s guidance relations are conserved.
Knowing that the quantum potential does not depend
on the momenta, we have that the denitions of the mo-
menta in terms of the velocities are the same as in the
classical case:
_φ = fφ, HQg = fφ, Hg , (3.29)
_Xα = fXα, HQg = fXα, Hg . (3.30)
We now have the BdB theory written in hamiltonian
form and we want to know which type of structure corre-
sponds to the Bohmian evolution generated by the hamil-
tonian (3.18). The constraints Hi  0 and HQ  0 must
be conserved in time for the consistency of the theory.
In the context of the Teitelboim’s work described in sec-
tion II, we analyze the algebra satised by the constraints
Hi  0 andHQ  0. The Poisson bracket fHi(x),Hj(y)g
satises Eq. (2.14) because Hi in HQ dened by Eq.
(3.18) is the same as in the classical theory. In the same
way, fHi(x),HQ(y)g satises Eq. (2.13) since Hi is the
generator of space coordinate transformations, and be-
cause HQ is a scalar density of weigth 1. What remains
to be veried is if the PB fHQ(x),HQ(y)g closes in the
same way as in (2.12). We will show that, in fact, this
bracket is weakly zero for any quantum potential. This
means that the theory is consistent for any Q and thus
for any state. We have
fHQ(x),HQ(y)g = fH(x),H(y)g+ fH(x), Q(y)g+
fQ(x),H(y)g . (3.31)




















Replacing the last equation into Eq.(3.31) and taking into
account the Bohm’s guidance relations given by (3.19)

































 0 , (3.33)
d
The RHS of this equation is weakly zero in view of
Bohm’s guidance relations (3.19) and (3.20).
Hence, we see that the Bohm-de Broglie interpretation
of a eld theory in Minkowski spacetime is a consistent
theory. However, the constraint’s algebra may not close
as Dirac’s algebra. It will depend on the quantum poten-
tial. If Q breaks the Dirac’s algebra then, following Teit-
elboim’s result, the structure of the background space-
time will be modied. This means that Lorentz invari-
ance is broken. A similar situation is shown in quantum
geometrodynamics where the quantum potential deter-
mine the quantum evolution of Universe [1] [10]. Now
we will show that already the ground state of the free
scalar eld produces a quantum potential that breaks
the Dirac’s algebra.2
The wave functional for the ground state of the free
scalar eld is given by ( [17] chap. 10):




d3Xd3Y φ(X)g(X,Y )φ(Y ) , (3.34)
where







ik.(X−Y ) , (3.35)
and ωk = h
p
k2 + m2. We denote X  ~X and k  ~k for
the 3-vectors. Computing the amplitude from (3.34) and
using that



























which we write as
Q =
∫
d3Xf(X i, φ) , (3.38)
where f depends on X i as a function and depends on φ















2The equation for the field φ can be found by taking the functional derivative of the modified Hamilton-Jacobi equation.
Using the Bohm guidance relations, it is possible to show that φ satisfies
−r2φ(X, T ) + ∂
2
∂T 2
φ(X, T ) + m2φ(X, T ) = (−r2 + m2)φ(X)jφ(X)=φ(X,T ) ,
which is not a Lorentz invariant equation [3].
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dWe write for f :
















Writing in hypersurface coordinates xi we have
Q =
∫
d3xJf(X i(xj), φ) , (3.43)







quantum potential density Q that enters in the quantum
superhamiltonian of Eq. (3.17) will be:
Q = Jf(X i(xj), φ) (3.44)
Let us calculate the Poisson bracket fHQ(x),HQ(y)g.
We have
c
fHQ(x),HQ(y)g = fH(x),H(y)g + fH(x), Q(y)g+ fQ(x),H(y)g =
Hi(x)∂iδ3(x, y)−Hi(y)∂iδ3(y, x) + fH(x), Q(y)g+ fQ(x),H(y)g , (3.45)
d
where the rst two terms on the RHS are exactly those
appearing in the Dirac’s algebra Eq.(2.12). Hence,
to maintain the Dirac’s algebra, it is necessary that
fH(x), Q(y)g+ fQ(x),H(y)g = 0 (strongly zero). Mean-
while,
c




































ωk cos k.(X(x)− y) , (3.46)
d
and the RHS of this equation is evidently 6 0 (weakly
dierent from zero). Hence the Dirac’s algebra is not sat-
ised in this particular example. According to Ref. [15]
the bohmian trajectories are generating a new structure
which does not correspond to a relativistic eld propa-
gating in Minkowski spacetime. In other words, we have
shown the breaking of Lorentz invariance in terms of the
breaking of the Dirac’s algebra of constraints. This con-
stitutes an alternative derivation of a known result of the
BdB interpretation, which is explained in Ref. [3]. This
method will be useful for quantum geometrodynamics.
We point out that relativistic invariance is lost only at the
level of individual events. However, the eld properties,
as we know, are basically statistical and are contained in
the expectation values of the operators
< Ψ j A^ j Ψ >=
∫
Ψ  [φ](A^Ψ)[φ]Dφ (3.47)
whose invariant character is maintained. As long as the
invariance of the individual events can be broken in gen-
eral, as we saw explicitly in the last example, special
relativity is veried in the laboratory only statistically.
Lorentz invariance is a statistical eect [3] [18]. We point
out that the conclusions obtained in this work are eas-
ily extended to any Minkowski spacetime with dimension
n  2.
IV. QUANTUM GEOMETRODYNAMICS
In Ref. [1] we quantized General Relativity with a min-
imally coupled scalar eld in an arbitrary potential. We
have constructed a quantum geometrodynamical picture
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of the Bohm-de Broglie interpretation of canonical quan-









are imposed initially, the bohmian trajectories will be









HQ  H+ Q. (4.4)
The quantities H and Hi are the usual GR super-
hamiltonian and super-momentum constraints. We have
found that the bohmian evolution of the 3-geometries can
yield, depending on the quantum potential ( i.e. on the
wave functional), a consistent non degenerate four ge-
ometry which must be euclidean or a consistent but de-
generate four-geometry indicating the presence of special
vector elds and the breaking of the spacetime structure
as a single entity. There we left open the possibility of
an inconsistent bohmian evolution. It depends on the
expression for the PB given by fHQ(x),HQ(x0)g. In the
present section we show that the PB fHQ(x),HQ(x0)g,
when restricted to the bohmian trajectories, is weakly
zero for any quantum potential, and hence, there is no
inconsitency: quantum geometrodynamics in the Bohm-
de Broglie interpretation is always a consistent theory.
In order to show this fact, we calculate
c














Our steps are similar to the ones followed in the previous
section. In the last equation we replace the quantum po-
tential given in the modied Hamilton-Jacobi equation
(see [1])













































− (x ! x0) , (4.7)
d
where (x  ! x0) means the same expression with x
and x0 interchanged. In the RHS, the terms proportion-







) were cancelled with
the terms that come from the term −(x  ! x0). The
four terms that follows after fH(x),H(x0)g will produce
exactly −fH(x),H(x0)g and they will be cancelled out.
Substituting the momenta expressed according Bohm’s
guidance relations









it is easy to see, using the symmetry properties of Gijkl,
that all terms that are not weakly zero, will be cancelled
by pairs. At last we have
c





















− (x ! x0) . (4.10)
d
The RHS of this equation is weakly zero because of the
Bohm’s guidance relations and, then
fHQ(x),HQ(x0)g  0 (4.11)
This prove the consistency. Note that it was very impor-
tant to use the guidance relations to close the algebra. It
means that the hamiltonian evolution with the quantum
potential (4.6) is consistent only when restricted to the
bohmian trajectories. For other trajectories, it may be
inconsitent. This is an important remark on the BdB
interpretation of canonical quantum cosmology, which
sometimes is not noticed.
V. CONCLUSSIONS
We have studied the hamiltonian formulation of a
quantum eld theory and canonical quantum gravity in
the BdB interpretation. We have shown that both the-
ories are consistent for any quantum potential, i.e., any
state functional, when restricted to the bohmian trajecto-
ries. In the case of canonical quantum gravity, this com-
plete the quantum geometrodynamical picture of quan-
tum cosmology in the BdB view that was constructed in
our previous paper [1]. For the case of quantum eld the-
ory, we wrote it in parametrized form and constructed a
hamiltonian picture for its BdB interpretation. We stud-
ied the algebra of the constraints and we showed that
this algebra closes, asserting the consitency. For certain
state functionals, the quantum potential have such a form
that the Dirac’s algebra is broken and the structure of the
background spacetime will be dierent from Minkowski.
This implies the break of Lorentz invariance of individ-
ual events. We exhibited a concrete example given by the
ground state of a free scalar eld, presenting this prop-
erty. This is a well known result (see [3] [18]), but we
showed it in terms of the break of Dirac’s algebra. In
this manner, the BdB view of quantum eld theory ex-
pressed in a hamiltonian approach can give a nice picture
of the break of Lorentz invariance: when Dirac’s algebra
is broken, then Lorentz invariance of individual events is
lost.
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APPENDIX: COMPUTING fH(X),H(Y )g FOR
THE PARAMETRIZED FIELD THEORY
We present here the computation of fH(x),H(y)g for
the parametrized eld theory. The superhamiltonian is









ν2(hijφ,iφ,j + U(φ))) ,
which we write, for simplicity, as
H = ν−1h , (A1)
where we dene























Using the fact that δνα(x)
δXβ(y)
= − δνβ(x)δXα(y) , which comes from
(2.24), and the basic properties of the δ(x, y), it is pos-
sible to show that each of the last two brackets of the
RHS of this equation are identically zero. Next, using
the same argument and the fact that the potential U(φ)
does not contain derivatives of the metric, the last equa-
tion becomes:
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δ(x, y) . (1.4)
d







δ(y, x) , (1.5)






δ(x, y) , (1.6)
























δ(y, x) , (1.7)
d
which means that




δ(y, x) . (1.8)
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